Objectives. To quantify the increased disease burden caused by US health care sector life cycle greenhouse gas (GHG) emissions of 614 million metric tons of carbon dioxide equivalents in 2013.
T he central finding of The Lancet Commission on Health and Climate Change, that tackling climate change could be the greatest global health opportunity of the 21st century, resulted in several Commission recommendations to accelerate actions. These included the call for research to quantify disease burden and for health professional leadership to unite all actors behind the common cause of public health. 1 The US health care system contributes significantly to country-wide air and water pollution, and hence, to pollution-related health damages. 2 US health care activities were responsible for 9% to 10% of national greenhouse gas (GHG) emissions in 2013, which occurred both directly from health care facilities and vehicles, and in larger part, indirectly from upstream production of electricity, drugs, medical devices and supplies, and other goods and services that feed into the health care sector. In addition to GHG emissions, health careassociated emissions of several other types of pollutants were also quantified, 2 including those that contribute to acid rain (12% of the national total), photochemical smog (10%), and respiratory disease (9%). Public health damages from exposure to non-GHG emissions were subsequently estimated at 405 000 disabilityadjusted life-years (DALYs) annually. Most of these DALYs were attributable to particulate matter emissions. These health damages are comparable in magnitude to preventable medical errors, 2 but they are incurred indirectly by the general public rather than directly by patients. They are also partially preventable, because reducing wasted resources that do not benefit patient outcomes also reduces upstream emissions and their associated damages. 4 We considered the possible range of health damages from health care-related GHG emissions specifically. These damages were not included in our earlier estimates of health care sector emission disease burden because of the wide variation in approaches used in their estimation-such as the socioeconomic and emission scenarios considered, inclusion or exclusion of particular health effects, potential adaptive responses, and modeling parametersthat can lead to order-of-magnitude differences in damage factors. Potential impacts of climate change on human health, well-being, and security have been characterized in detail and include thermal stress, flooding and extreme events, radiation, air pollution, infectious disease, malnutrition, and potential conflicts (bit.ly/ 1RIYUkC). The World Health Organization estimated that in 2004 climate change caused 141 000 additional deaths worldwide on an annual basis, with a projected 250 000 additional annual deaths that will occur from 2030 to 2050, considering the factors of heat stress, malaria, diarrhea, and malnutrition, and using an average GHG emissions scenario (bit.ly/ 1tGJ5RS). We linked these future global health damages to the portion of global GHG emissions of the US health care system.
METHODS
We utilized health damage factors (in units of DALYs or additional deaths per mass unit of GHG emission) derived for integrated assessment by Tang et al. 5 and de Schryver et al. 6 Both groups used a multistep approach to assess relative risks to public health caused by climate change. First, the authors linked GHG emissions scenarios to expected temperature changes in various regions, based on global climate model results assembled by the Intergovernmental Panel on Climate Change (IPCC) to the year 2100. Tang et al. 5 considered the 4 major emissions scenarios used by the IPCC in their 2001 and 2007 assessment reports, namely the Special Report on Emissions Scenarios (SRES): A1B (balanced emphasis on all energy sources), A2 (regionally oriented economic development), B1 (global environmental sustainability), and B2 (local environmental sustainability); de Schryver et al. 6 just considered the A1B scenario. These scenarios reflected distinct rates of population growth and economic growth, levels of international cooperation, and energy technology focus. The different GHGs (carbon dioxide, methane, nitrous oxide, sulfur hexafluoride, and certain hydrofluorocarbons and chlorofluorocarbons) were expressed in carbon dioxide equivalents (CO 2 e), which represent their ability to absorb and re-emit radiation back to the Earth's surface over their lifetimes, relative to that of CO 2 .
The authors then projected temperature changes that would result from each emission scenario and multiplied them by regionspecific relative risk factors for several temperature-dependent health effects. Risks included malaria, diarrhea, malnutrition, cardiovascular disease, coastal and inland flooding and subsequent landslides, based on estimates from Ezzati et al. 7 for the period up to 2030.
Finally, the authors used the resulting relative risk effects from global warming to scale the baseline (no warming) burden of disease estimates for 2030 from Mathers and Loncar, 8 and extended the burden of disease estimates out to 2100. The final health damage factors calculated by Tang et al. 5 and de Schryver et al. 6 ranged from 1.13 · 10 -8 to 1.76 · 10 -5 DALYs/kg CO 2 e emitted, depending on the socioeconomic and emissions scenarios considered, inclusion or exclusion of particular health effects, inclusion of potential adaptive responses, and the modeling parameters, such as the discount rate and the temperature change modeling time horizon (20 years, 100 years, or infinite).
We used only damage factors estimated with customary 100-year global warming potential values, which resulted in a range of 2.00 to 6.20 · 10 -7 DALYs/kg CO 2 e. We calculated total GHG-related DALYs for the US health care sector by multiplying this range of health damage factors by earlier estimates of US health care GHG emissions for the year 2013 of 614 million tons CO 2 e, which was obtained using Economic Input-Output Life Cycle Assessment methods and US Government health expenditure data and economic tables. 2 
RESULTS
We estimated that life cycle GHG emissions associated with US health care activities will cause an additional 123 000 to 381 000 DALYs annually (Figure 1 ) based on 2013 health care sector life cycle emissions. We used the same proportions of disease contributions to total DALYs for each health damage factor reported in Tang et al. 5 
and de
Schryver et al. 6 In all cases, the largest potential health damages were attributable to malnutrition (49%-63% of the total), which will particularly affect regions with large populations and agricultural areas located on floodplains or lacking irrigation, including much of Africa and parts of South and Southeast Asia. Increased incidence of diarrhea and malaria are the other main contributors to total DALYs, because of lengthening warm seasons and expanding geographic ranges of disease vectors.
Adding the average estimate of 209 000 DALYs to the earlier figure reported by Eckelman and Sherman 2 for non-GHG results increased US health care-related public health damages to a total of 614 000 DALYs per year for all emission types. Because actual global GHG emissions exceeded those predicted in the SRES scenarios for the early 21st century, 9 the health damage factors we used may well underestimate actual health damages over the coming decades.
DISCUSSION
Health care-related pollution represents a notable portion of total US emissions for multiple pollutant classes. 2 Using health damage factors to project the potential impacts of these emissions on public health helps to translate the sometimes abstract issues of climate change and environmental sustainability to metrics that are familiar to health care professionals. National health care sector emission disease burden could serve as a new global health metric, 10 and development of methods for international comparisons are underway. Such efforts could engage health care leadership globally and be leveraged to increase climate change adaptation and mitigation as a public health priority as called for by The Lancet Commission. 1 Furthermore, because health professionals interface with the public, their engagement could serve as a multiplier for an engaged citizenry armed with a greater awareness of the potential health impacts of climate change.
